Summary Karyotypes of 5 species of Indian frogs belonging to 2 families Rhacophoridae (Polypedates maculatus, Rhacophorus malabaricus, and Pseudophilautus wynaadensis) and Microhylidae (Ramanella montana and Microhyla ornata) were described. All of the 5 species had 2nϭ26 bi-armed chromosomes with 5 large and 8 small pairs. In Rhacophorus malabaricus, 3 large chromosome pairs (nos. 2-4) possessed telomeric C-positive bands on the long arm, whereas C-positive bands were confined to the centromeric region of the chromosomes in the other 4 species. None of the species had identifiable heteromorphic sex chromosomes. Based on karyometric data and C-banding, the karyotype of each species was characterized and was compared with those of the related species. It became evident that the Indian species of the genus Microhyla differ karyologically from the congeners in southeastern Asia.
In the past 6 decades, 24 species of Indian anurans were studied for their cytogenetic attributes. Of these, 3 species belong to Bufonidae (Asana and Mahabale 1941 , Natarajan 1958b , Manna and Bhunya 1966 , Chatterjee and Barik 1970 , Singh et al. 1970 , Mittal and Sawhney 1971 , Singh 1974 ), 9 to Dicroglossidae (Natarajan 1957b , 1958a , Singh et al. 1970 , Mittal and Sawhney 1971 , Singh 1974 , Yadav 1974 , Yadav and Pillai 1975 , 1976 , Chakrabarti et al. 1983 , Joshy et al. 1999 , Joshy and Kuramoto 2008 , 1 to Nyctibatrachidae (Joshy et al. 1999) , 1 to Ranixalidae (Joshy et al. 1999) , 3 to Ranidae (Joshy et al. 1999 (Joshy et al. , 2006 , 3 to Rhacophoridae (Natarajan 1957a , Singh et al. 1970 , Singh 1974 , Rai and Dey 1991 , and 4 to Microhylidae (Bai 1956 , Chakrabarti 1979 , Olmo and Morescalchi 1978 . Most of the previous studies, however, lacked numerical data on size and shape of chromosomes, and this makes karyotype comparisons between taxa very difficult or even impossible. In the present study, we describe karyotypes of 3 species of Rhacophoridae and 2 species of Microhylidae from the Western Ghats. Of the 5 species examined, the karyotype of Polypedates maculatus was previously reported by Natarajan (1957a) , Singh et al. (1970) and Singh (1974) without karyometric data. The karyotypes of the other 4 species are here reported for the first time.
Materials and methods
Three species belonging to Rhacophoridae, Polypedates maculatus, Rhacophorus malabaricus, and Pseudophilautus wynaadensis, were collected from Madikeri (altitude ca. 900 m) of Kodagu District, Karnataka, and 2 species belonging to Microhylidae, Ramanella montana and Microhyla ornata, were collected from Sagar (altitude ca. 560 m) of Shimoga District, Karnataka. Both collecting sites are situated in the Western Ghats, one of the hotspots of biodiversity in the world, and Rhacophorus malabaricus, Pseudophilautus wynaadensis and Ramanella montana are endemic to this mountainous region. Generic names Polypedates, Rhacophorus, Pseudophilautus, Ramanella and Microhyla are abbreviated below as Po., Rh., Ps., Ra. and M., respectively. Specimens were injected with 0.1% colchicine solution, killed after 17 h of injection, and chromosome spreads were prepared from bone marrow cells of femur. Chromosomes were stained with Giemsa's solution, and C-bands on chromosomes were stained using the method of Sumner (1972) . Chromosomes were measured using dial calipers on enlarged photomicrographs and chromosome pairs were arranged in the order of decreasing length. Types of chromosomes based on the position of centromeres followed Levan et al. (1964) .
Results
The 3 rhacophorid species examined, Po. maculatus, Rh. malabaricus, and Ps. wynaadensis, had 2nϭ26 chromosomes with FNϭ52 (Figs. 1A, 1B and 1C) . The chromosome complement consisted of 5 pairs of large (nos. 1-5) and 8 pairs of small sized chromosomes (nos. 6-13); the difference in relative length between 2 successive chromosome pairs was by far the largest between no. 5 and no. 6 in all 3 species. All chromosome pairs were either metacentric or submetacentric pairs; there were no subtelocentric nor telocentric pairs (Table 1) . C-banding karyotype of Rh. malabaricus (Fig. 2B) revealed that, apart from centromeric bands, 3 pairs of large chromosomes (nos. 2-4) possessed telomeric C-bands on the long arm, whereas C-positive bands occurred only in the centromeric region of chromosomes in Po. maculatus and Ps. wynaadensis (Figs. 2A and 2C) . No heteromorphic sex chromosomes were recognized in the 3 species examined.
The karyotypes of 3 species of Rhacophoridae are very similar in pair nos. 2, 3 and 5, and in most of small pairs. Distinct differences are recognized in no. 4 of Po. maculatus, no. 6 of Rh. malabaricus, and nos. 9 and 11 of Ps. wynaadensis, which have much smaller centromeric index (Table 1 , Fig. 3A) . A considerable species difference in centromeric index is also recognized in pair no. 1. The 2 species of Microhylidae, Ra. montana and M. ornata, had 2nϭ26 chromosomes with 5 large and 8 small chromosome pairs (Figs. 1D and 1E) . The difference in relative length between no. 5 and no. 6 was larger than any other 2 successive chromosome pairs, except that between no. 1 and no. 2 in M. ornata. Most chromosome pairs were metacentric or submetacentric, and only pair no. 11 of Ra. montana was subtelocentric (Table 1) . C-band analysis indicated that only centromeric regions were C-positive (Figs. 2D and 2E) . No heteromorphic sex chromosomes were recognized.
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Discussion
Currently, about 30 species of Rhacophoridae have been karyotyped (King 1990 , Kuramoto 1990 , including the genera Buergeria, Chiromantis, Kurixalus, Polypedates, Pseudophilautus, Rhacophorus and Theroderma. All have 2nϭ26 chromosomes without exception and the karyotypes are mostly composed of 5 large and 8 small metacentric or submetacentric pairs. The 3 Indian species examined in the present study showed this general pattern of the karyotype of Rhacophoridae.
Non-centromeric C-bands were not found in Po. maculatus as reported by Singh (1974) . The karyotypes of Po. leucomystax from Malaysia (Matsui et al. 1986, Kuramoto and Yong 1992) and Po. megacephalus from Taiwan (Matsui et al. 1986) (Rai and Dey 1991) are available for comparison with those of Rh. malabaricus. Although the pair numbers of metacentric and submetacentric pairs differ between the 2 species, general pattern of the 2 karyotypes are similar. Pair no. 2 in Rh. maximus was argued to be heteromorphic in males (Rai and Dey 1991) ; one of the homologue has a secondary constriction in the short arm while the other lacks it. Because secondary constrictions are often observed in only 1 complement of the pair, this heteromorphism seems to need future confirmation. King (1990) summarized the sites of secondary constrictions in chromosomes of Rhacophorus. They have been observed in one of the small chromosome pairs; no. 12 in Rh. arboreus, no. 11 in Rh. chenfui, no. 7 in Rh. schlegelii, and no. 11 in Rh. taipeianus. The non-centromeric C-bands in Rh. malabaricus represent secondary constrictions, and this rhacophorid, and Rh. maximus, too, are exceptional in having secondary constrictions on large chromosome pairs.
The karyotype of Ps. annandalii from Darjeeling (Rai and Dey 1991) differs remarkably from that of Ps. wynaadensis in having a telocentric pair no. 10 and a heteromorphic pair, possibly XY sex chromosomes, in males. Pseudophilautus is the largest genus in the Rhacophoridae involving 106 species (Frost 2010) , but no other congeners have been karyotyped. Future studies are expected to reveal karyological divergence in this genus.
Previously, above 2 Pseudophilautus species were allocated to the genus Philautus, together with Theroderma asperum and Chiromantis doriae. Theroderma asperum from Peninsular Malaysia (Kuramoto and Yong 1992 , as Philautus asper) exhibited a distinct heterochromatic band on the proximal region of the short arm of pair no. 6. In 2nϭ26 karyotype of Chiromantis doriae from China (Tan 1987, as Philautus doriae) , no. 12 pair has a satellite at the terminal of the long arm. These heterochromatic bands are absent in Ps. wynaadensis and Ps. annandahlii.
The Microhylidae is a very diverse family consisting of 11 subfamilies (Frost 2010) . Differing from the Rhacophoridae with rather similar karyotypes with 2nϭ26 bi-armed chromosomes, diploid numbers of Microhylidae range from 2nϭ22 to 2nϭ28, excepting aberrant numbers of 30, 32, 48 and 52 (King 1990 , Kuramoto 1990 ). The 2nϭ48 and 2nϭ52 karyotypes are of polyploid species. Four Indian species of Microhylidae previously karyotyped, Ra. variegata (Bai 1956 ), M. rubra (Bai 1956 ), Uperodon globulosus (Chakrabarti 1979) , and U. systoma (Olmo and Morescalchi 1978) , belong to the subfamily Microhylinae. All of these species have 2nϭ26 chromosomes, and Ra. montana and M. ornata examined in the present study had the same karyotypic constitution. Because the 2nϭ26 karyotype dominates and is most widely distributed in the Microhylidae, this number seems to be the basic diploid number of this family.
Ramanella montana had 2nϭ26 chromosomes as in Ra. variegata (Bai 1956 ), but the karyotypic comparisons are impossible since the karyometric data of the latter are lacking. Similarly, detailed karyological studies are needed to elucidate the cytogenetic comparisons of the genus Uperodon.
The genus Microhyla occurs widely over southeastern Asia. Curiously, southeastern Asiatic members of the genus Microhyla have been reported to have 2nϭ24 or 2nϭ22 chromosomes (King 1990 , Kuramoto 1990 , Kuramoto and Yong 1992 , Supaprom and Baimai 2002 . Microhyla okinavensis from the Ryukyu Archipelago, Japan, and M. fissipes from China, with 2nϭ24 chromosomes, have long been confused with M. ornata, because the external morphology is very 2011 similar to each other. Microhyla berdmorei from Thailand (Supaprom and Baimai 2002) , M. heymonsi from China and Malaysia (Gao et al. 1985 , Guo and Dong 1987 , Kuramoto and Yong 1992 , and M. pulchra from China and Thailand (Zheng and Wu 1995, Supaprom and Baimai 2002) have 2nϭ24 chromosomes, and M. butleri from China, Thailand and Malaysia (Kuramoto and Yong 1992 , Zheng and Wu 1995 , Supaprom and Baimai 2002 has 2nϭ22 chromosomes. Apparently, the southeastern Asiatic members of the genus Microhyla have derived from Indian members with the basic 2nϭ26 karyotype of the Microhylidae. In the 2nϭ24 karyotype of Microhyla, the pair no. 6 is relatively large, suggesting the reduction of chromosome number resulted from chromosome fusion. Secondary constrictions are present on pair no. 8 in M. berdmorei, and no. 7 in M. pulchra (Supaprom and Baimai 2002) , whereas we could not detect non-centromeric C-band in M. ornata. Reexamination on the karyotype of M. rubra is needed, because the previous work on this species (Bai 1956 ) was carried out using histological technique, and therefore detailed karyological comparisons are impossible.
